
Background and Ob_~ectives: The discharge of ships’ ballast water is probably the greatest single
source of new intxodactions into aquatic habitats (Carlton & Geller 1993; Cohen & Carlton 1995;
Cohen 1998). Recent bal3.ast introductions in the Bay/Delta system include the Asian clam, which
has transforancd upper bay trophic dynamics with possible impacts on endangered and sport fish
(Kimmerer et aL 1994), and may be acting as a contam2nant pathway delivering selenium at toxic
concentrations to bottom-feeding birds and fish (Thompson & Luoma 1999); several species of
Asian copepods and mysid al~rimp, which may also be altering ~bod availability to endangered and
sport fish in the upper Bay and Delta (Meng & Orsi 1991; Orsi 1995); and possibly the Chinese
mitten crab, which has invaded and inteYt~red with state and federal water diversion facilities,
power plants and wastewater 7oatmeal plants, may reduce the stabiIity of levees as wei1 as river
banks, ditches and berms, and may compete with crayfish that support a commercial fishery in the
Delta (Cohen & Carlton 1997). Judging from J.ntrnductions that have occurred elsewhere, future

delivery systems, endangered fish, commercial fisheries and even on human health.

Despite the importance of this inva,sinn vector, the ballast water arriving in the Bay and Delta has
never been sampled. We thus t~ave no direct information on the types and numbers of exotic ballast
water organisms being introduced into the B ay,~Delta ecosystem or on the physical and chemacai
characteristics of this ballast water, and little infomaation on the sources and volumes of ballast
water being discharged. Such information is urgently needed for the developnqent, implementation
and monitoring of ballast water treatment and management efforts; for the development of
regulator.J policy; and for scientific efforts to understand the factor~ thar contribute to the rate and

This project will compile and analyze shipping data and sanaple and ~alyze ballast water arriving
in the Bay/Delta region in order to develop:

Data on the types and concentrations of organisms arriving from different source regions,

Data on the types and concentrations of organisms and on the physical or chemical

Data on the types and sizes of organisms oral on the physical or chemical characteristics of
ballast water arriving at Bay/Delta ports, which are needed to develop and assess treatment
approaches.
Data on the types organisms and on chemical or t~ficrebial contaminants in ballast water that
may pose environmental or public health risks, which, are needed to determip.e the urgency
and appropriate scope of regulatory action on ballast water.
Data on the types and concentrations of organisn~ aniving in ballast water, which are

~ This 2 year project will: acquire and analyze data on shipping patterns; sample and
analyze the biota and the chemical and physical p~ameters of ballast water ~d sediments avciving
in the Bay/Delta system; and test this data for correlations over time and between estuaries for
corcelations between ballast water biota, ballast water source regions, and the establishment of
non-indigenous species. Data on ship arrivals (e. g. ship type, size, last port-of-call) from the San
Francisco Marine Exchange and other sources will be analyzed for ballast water volumes and
sources, and changes and trends over time. Ballast son,piing will be conducted by vertical
plankton tows or pump sampling, the a range of vassel types, sizes and source regions.
Sediments, macrofauna and other seawater system components will be sampled as opportunity
permits. Whole water ~samples will be collected for pl~ysical, chemical and microbial analysis.
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Biologic samples wdl be examined iditlally to determine if the plai~kton is alive and, if funding for
this component is available, subsamples will be taken for culturing larval zooplankton. The
remaining sample will be fixed for later sorting, identification to lowest possible taxon and
enumeration.

~ The laboratory and analytical work will be conducted at SFSU’s Romberg Tiburon
Center in Matin County and the San Francisco Estuary Institute in Contra Costa County, with
supplememal laboratory work at CDFGBEP in San Joaquin County and USGS in San Marco
Courtly. Ships will be sampled at all Bay/Delta commemial ports, which are located in Sacramento,
San Joaqdin, Solano, Contra Costa, Alameda, San Mateo and San Francisco counties.

~ The request to CALFED is $375,905 over 2 years. Cash and iu-kind contributions,
primarily from the S~m Francisco Bay RWQC’B for water quality analysis, are about $50,0000. An
additional $i71,000 is requested fi~om National Sea Grant for a separable component involving the
culturing and further identification of larval zooplankton.

Applicant Oualifications: Project Leader Andrew Cohen has conducted extensive research on
nonindigenous species and transport vectors in the Bay/Delta Estuau¢ and other west coast
estuaries, including research on the rate of invasions (published in Science) and ballast water in the
Estuary. He has organized and led teams of taxonomists and ecologists in Rapid Assessmem
Surveys for noinndigenous species in the Bay/Del~a Estuary and Puget Sound, and was recently
awarded a Pew Fellowship Jn Marine Conservation to investigate biological invasions in tropical
marine ecosystems. Project co-leader Wire Kimmerer has conducted research on zooplankton
ecology and computer modeling on such topics as the influence of predation on comrnuni~,
structure, population dynamics of zooplan~on and fish, and the interaction of plankton with their
physical environment, and has published several papers on the influence of introduced species on
the Bay/Delta ecosystem. He is Chair of the lntaragency Ecological program’s Estuarine Ecology
Team. Project Co-leader Steven Moore is an Associate Engineer with the Regional Water Quality
Control Board, with experience in wetlands pernlitting, watershed monitoring and assessment,
NPDES permitting and compliance, total maramum daily load (TMDL) development and
implementation, and toxic pollotant control. He is currently working on the development of a
TMDL for nonindigenous species in the Estuary. Project collaborators identified to date bring
additional expertise in ballast water sampling, and zooplankton an~ protozoan taxonomy.

Local SunnortJCoordination: Participants in ballast water treatment studies, including the Port of
Oakland, San Francisco Oceanside Laboratory and Southeast Wastewater Treatment Plant, Central
Contra Costa Sanitary District, Contra Costa Water District, SWRCB and San Francisco Bay
RWQCB either have been or will be notified of this study, and will have an opportunity to review
the methods and results. All of the ports and many of the terminals in the Bay/Delta region wiiI be
contacted for this study, and will similarly have an opportunity to review methods and results. The
Center for Marine Conservation and the San Francisco BayKeeper are aware of the proposed
project and strongly support it. The Contra Costa County Board of Supervisors and Planning
Department, the Delta Protection Commission and tk~e Bay Cnnsen, ation mad Development
Commission have been advised of the project. We anticipate that researchers or students from
several institutions may become involved in this study in one way or another.

Com’oatibility with CALFED obiectives: An ERP "Stage l Expectation" is that "baseline
mointormg of the organisms released in ballast water should be immediately initiated so we can
assess progress and monitor compliance" (Vol. i, p. 464). Several targets, actions and objectives
in the ERP and Strategic Plan call for stopping the discharge of exodc organisms in ballast water
into the Estuary, recognizing that the introduction of new species greatly increases the expense and
difficulty of restoring the estuary, and that a new invasion can destroy the value of a restoration
project (Vol. I, p. 464); and that the elimination of additional species introductions is crucial to the
ultimate success of the ERP (Vol I. p. 462, citing the Strategic Plan).

I --01 9925
1-019925



Project Description

Problem Statement and Objectives
Data on ballast biota arriving in the San Francisco Bay Estuary are needed (l) to assess the risk of
introductions, deterlrfine treatment standards, design treatment options, and provide baseline data
to assess management or treatment efforts; (2) to analyze tcnlporal ~md spatial patterns ol" recent
ballast introductions; and (3) to conduct critical comparative analyses between estuaries.

1) Recent policy activities suggest that management or treatment of balIast water codid som~ be
implemented in the Bay/Delta system. Baseline data on ballast water biota and ballast water
cheofistry are urgently needed to assess the ecological, economm and public health risks of
ballast discharges, to set standards for treatment, to design treatment or management
approaches, and to assess the effectiveness of these approaches in practice.

2) Some researchers have argued that several recent invasions in San Francisco Bay are hnked
to changes in shipping and in the biota carried in ballast water. Data on shipping patterns
and ballast biota are needed to test this.

3) Comparative analyses of invasion vecturs and patterns are needed t9 understuad the relati’ve
influence of vector factors and ecosystem factors on invasion rate and extent (Cohen &
Carlton 1998). These require data on both arriving and established non-lndigenous species.
A comprehensive study of established non-indigenous species has been published for the
Bay~Delta estuary (Cohen & Carlton 1995) and others are in progress (for Chesapeake
Bay, Pearl Harbor, Prince William Sound). Arriving ballast water has been studied in the
last three of these ecosystems, but nor in the Bay/Delta estuary.

This project has six specific research objectives:

To acquire and analyze data on ship arrivals in San Francisco Bay over the past two
decades to determine changes and trends in the sources and in the estimated volumes of
ballast water arriving.

To develop and analyze data on the non-indigenous biota in arriving ballast water for
comparative studies with other estuaries.

To develop data on the non-indigenous biota and che~rfical contaminants in ballast water
discharges to enable assessment of ecological, economic and public health risks.

To develop data on the types of organisms in ballast water and on the chemical and physical
condition of ballast water that are needed to develop effective treatment options.

To develop baseline data on die biota of ballast water discharges to enable assessments of
regulatory approaches that may be taken and of management or treatment methods as they
are 0.ppliedi

To test for corre~.afions between the tinting of changes in ballast water som-ce regions (and
the ballast biota associated with those source regions), and the establishment of ballast-
associated non indigenous species in the San Francisco Bay Estuary.
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Scope of Work
This project will:

Sample and analyze ~e organisms, chemical contaminants and water q~ality parameters in
water and sediments arriving in ships’ ballast tanks and seawater systems into the San
Francisco Bay ecosystem.

Acquire m~d analyze data on shipping patterns.

Test this data for correlations over time between changes in ballast water source regions
(and ballast biota), and the establishment of non-indigenous species in the San Francisco
Bay ecosystem.

Test this data and available data from other estuaries ~tbr correlations o,,~r estuaries between
ballast biota and the establishment of non-indigenous species.

~ Data on ship arrivals (e. g. ship ~’pe, size, last port-o:[;call) over the last two
decades will be acquired from the San Francisco Marine Exchange and augmented with data from
other sources for each port in the Bay/Delta system. Previously described methods will be used to
estimate ballast water volumes (Carkon et el. 1995; Cohen 1998), and prior port-of-call data will
be obtained as needed from other Pacific Coast data sources to deternfine .probable ballast sources.
These data will be analyzed for changes and trends in ballast soumes and volumes over time.

_B~.l!~t water samp2in~ and analysis: Sampling will be initially arranged through port companies or
shipping agents. Ships’ officers will be interviewed regarding the Nstory of the ballast water
ran’led and the ship’s ballast discharge plans. Where tank access and architecture allows, vertical
plankton tows (3-5 replicates, 80 gm mesh net) will be used to obtain vertically integrated samples.
Pump sampling will be used to capture differeut tank depths, or where access is Limited to
sounding pipes. Details of sampling methods have been previously described (Dodgshun &
Handley 1997, Sutton et ab 1998). Vessels will be selected for a range of soum¢ regions (both
Pacific Coast and overseas), vessel types and sizes that are representative of the set of ships
arriving in the port system. Both exchanged and unexchanged tanks will be sampled. Sediments
and macrofanna (fish and larger invertebrates sampled with dip nets), and seawater system
components other than ballast tanks, will be sempIed as opportnnity peru]its. Whole water samples
will be collected for physical, chemical and microbial analysis.

Biologic samples will be cooled and aerated Jbr transport to the laboratory, where they will be
examined in~tially to determine if the plankton is alive. If ~nding for this component is available,
subsamples will be taken for culturing larval zooplankton to later Ia~al or adult stages, so they can
be more readily or more precisely be identified (funding for larval culturing, a separable component
of this project, is being sought elsewhere; see Cost-Sharing, below), The remaining sample will
be fixed in buffered formalin for stm~dard sorting, identification to lowest possible taxon, and
enumeration; with consultation or voucher confirmation by taxonomic specialists as needed. Whole
water samples ’.,,,ill be analyzed for physical and chemical parameters relevant to ecological anaIysis
and to the evaluation of ballast water treatment options, and for chemical contaminants and
co]iforms by a laboratory under contract to the Regional Water Quality Control Board (with
funding provided by the Board).

~ With data from this study and updated data on established non-indigenous species
from Cohen & Carlton (1995), standard statistical methods will be used to test for correlations
between changes over time in source regions, source port type (e. g. esmarine or deepwater) or
ballast volumes and the establishment of ballast-associated non-indigenous species; [br differences
in non-indigenous species abundance and diversity between exchanged and unexchanged ballast
tanks: and with data from other estuaries, for correlations between the abundance or diversity of
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non indigenous species in arriving ballast water and the number of t~on-indigcnous species
established.

Schedule and Deliverables
This is a 2-year project, with sampling conducted over 18-20 months of the project period.

A one-year progress report will include the analysis of historic shipping data; a description
of the progress to date on the ballast water smnpling and analysis, with any problems
encountcred; and information un the diversity and abundance of the organisms in and the
chemical and physical characteristics of the ballast waler as determined to that date.

A meethigiworkshop will be held, including all project principals and collaborators
affected regulators, resource managers, stakeholders, etc., to review the progress report
and consider whether modifications should be made in the sampling program during the
remainder uf the project period and whether fiands should be sought to continue ballast
water sampling beyond the inhiai project period.

The final project report wRl contain the fidl set of analyses and data from the project.

LocationlBoundaries
The primary laboratory and analytical work will be conducted at the San Francisco State
University/Romberg Tiburon Center in Matin County and the San Francisco Estuary Institute in
Contra Costa County, with supplemental laboratory work at the California Department of Fish &
Game/Interagency Ecological Program in San Joaquin County and the U. S. Geological Survey in
San Marco County. Ships will be sampled at 0.11 commerciai ports in the Bay/Delta region, which
are located in Sacramento, San Joaquin, Solano, Contra Costa, Alameda, San Marco and San
Francisco counties (see enclosed maps).
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Key to Maps

Offices & Laboratories (squares)

A San Francisco Estuary Institute, Contra Costa County
B San Francisco State University,q?.omberg Tiburon Center, Maria Count),

C U.S. Geological Survey, San Marco County
D California Department of Fish & Game/Interagency Ecological Program, San Joaquin County

Potential sampling locations at ports and terminals (circles)
1 Port of San Francisco, San Francisco County
2 Port of Redwood City, San Morea County
3 Port of Oakland, Port of Alameda (Encinal), Alameda County
4 Port of Richrno~d_, Chevrot~ Longwhaff, Contra Costa County
5 San Pablo Bay terminals, Contra Costa County
6 Port of Benicia, Solaria County
7 Martinez terminals, Cootra Costa Coanty
8 Pittsburg terminals, Contra Costa County.
9 Antioch terminals, Conga Costa County
10 Port of Stockton. San Joaquin County
11 Port of Sacramento. Sacramento County
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Project Benefits

Ecological/Biological Objectives
The primary project objective is to develop data that is needed for (i) assessments of the risks and
potential impacts of biologic’at invasions from ballast water discharges in the Bay/Delta estuary; (2)
the development or assessment of alternatives for ballast water management, including ballast
exc~aange and treatment; and (3) analyzing the fr, etors thai control the r’ate and extent of invaalon in
estuarine ecosystems. Specifically, tbSs project will compile and analyze s~lipping data and sample
and analyze the biological, chemical and physical components of ballast water arriving in the
Bay/Delta region, in order to suppo~ the following needs:

Data on the types and concentrations of organisms arriving from port regions in different
par~s of the world are needed to conduct relative risk assessments and to develop a risk
assessment based ballast water management system. Although the viability of such
management systems have been questioned by some researchers, this appears to be the
approach generally preferred by the shipping industry.
Data on the types and concentrations of orgat~sms ir~ exchanged and unexchanged ballast
water, and on differences in physical or chemical parameters, are needed to assess the
effectiveness of at-sea ballast water exchange and to develop and assess methods for
moultoring exchanges. Ballast exeb_ange has been proposed as a mitigation measure by the
Port of Oaldand, and may soon be required by agency action or new state law (AB 703).
Dam on the types and sizes of organisms carried in the ballast water arriving at Bay/Delta
por~s, and on physical and chemical parameters that might affect treatment processes (such
as turbidity, dissolved organic carbon, pH, iron con~ent, alkalinity, etc.) are needed to
develop and assess effective treatment options for ballast water. Ballast water treamaent
appears to be the approach preferred by environmental groups,
Data on the types and concentrations of organisms arriving in ballast water, and on
chemical or microbial contaminants that may pose environmental or pubitc health risks
(such as the presence of organic or inorganic polhitanvs, toxin-producing dinoflagellates,
fecal coliforms, anti-biotic resistant bacteria, cholera bacteria, etc,) are needed to assess the
urgency and appropriate scope of regulatory activities regarding ballast water discharges.
Data on the types and concentrations of organisms arriving in ballast water are needed to
conduct analyses of invasion vectors and the rate and extent of invasions across ecosystems
and over time, to deten~ne whether invasions are primarily driven by conditions in the
invaded ecosystem (so that new invasions may be prevented by altering those conditions,
such as controlling a source of disturbance), or are pfim~lly driven by the nature and scale
of the transport vectors, so that pleventi~ag invasions means controlling tiae vectors.

Organisms introduced by ballast water may affect virtually any aquatic habitat and all tropbS.c levels
in the Bay or Delta, and there are numerous examples of ballast introductions having severe
impacts in fresh, brackish and saltwater habitats, and in open water, subtldal and intertidal habitats.

Linkages
Links to other nroiect~: This project follows directly from earlier studies funded by USFWS and
CALFED, ~nd will provide usefal information for ballast water treatment studies and ecosystem
analyses for which funding is expected or belng sought. The Bay/Delta invasions study conducted
pursuant to the National Aquatic Nuisance Species Protecbon and Control Act concluded that
"urgently required is a San Francisco Bay Shipping Study...[including] all Bay and Delta por~s. A
biological and ecological study of the nature of ballast water biota arri’~ang in the Bay/Del~a system
ts urgently required." The CALIED-funded balIast water study (Cohen 1998) likewise found that
~’thc ballast water arriving hi the Estuary should be sampled and analyzed to characterize the
diversity and abundance of exotic organisms it carries, its water quali~y parameters, the degree to
which it is contaminated by sewage or other pollutants, and any potential public health risks," and
thar "data on recent shipping activity in the Estuary should be compiled and analyzed."
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Ballast Water Sampling (SFEl/Cohen) 8

Project data on tbe biota and the chemical and physical parameters of ballast water arriving in the
Estuary will be useful for three pending studies on ballast water treatment: USFWS has promised
initial ..... funding for one study organized by the San Francisco. Estu    m2., Institute     (SFEI) to assess the
feasthdlty and develop pdot projects for on-shore ballast water treatment; SFEI and the San
Francisco Water Quality Bureau are seeing funding for a second study to investigate the potential
fur treatment at existing municipal wastewater trea~rent plants; and a I~hird study compming on
shore treatment and ballast exchange has been proposed by the Califorma Association of Port
Authorities. Project data will also be useful for a proposed study by the Smithsonian
Environmental Research Center, SI~EI and the Centre for Research on Introduced Marine Pest.s in
Australia, comparing non-indigenous biota and transport vectors in Chesapeake Bay, San
Francisco Bay and two estuaries in eastern and western Auslralia; and for other comparative
studies that may be conducted in the future.

Links to CALI=ED’s overall obiectives: CALFED’s Strategic Plan states that "in order to minimize
the risk of potentially m0.ssive ecological and biological disruptions associated with non-native
species disruptions that could threaten to negate the benefits of restoration efforts, it is important to
initiate an early program that prevents or significantly reduces additional introductions of non-
native species." Strategic objectives include preventing the "establishment of additional non native
species" and rehabilitating "the capacity of the Bay-Delta system to suppo~, with minimal ongoing
human intervention, natural aquatic and associated terrestrial biotic communities, in ways that favor
native members of those communities." The vision for non-native aquatic species is tu "reduce
their adverse effects on the foodweb and on native species resulting from competition for feed and
habitat and direct predation," including impacts on such important native and normative species as
delta smelt, longfin smelt and slrlped bass whose recovery is among CALFED’s objectives.

Links to the ERP: This project directly relates to the following ERP expectations, targets, actions
and objectives:

"Baseline monitoring of the organisms released in ballast water should be immediately
initiated so we can assess progress and monitor compliance" (Vol. I, p. 464)
"Eliminate further introductions of new species in ballast water of ships" (VUl. I, p. 420;
VUl. ii, pp. 112, 15 I). "Eliminme the dumping of all organism-contaminated ballast water
and ballast sediment into the estuary" (Vol. I, p. 4~54). "Develop and implement a ballasl
water uraz~agement program to halt the introduction of introduced species into the estuary"
(Vol. II, p. 151).
"Help fund ballast water treatment techniques that could eliminate non-native species before
ballast water is released" (Vol. lI, pp. 112, 151).
"Prevent the introduction of the zebra mussel into California" (Vol. I, p. 420).
"Halt the introduction of invasive aquadc...plants into central California" (VUl. 1, pp. 420,
456).
"Reduce the concentrations and loading of contaminants in all aquatic environments in the
Bay-Delta watershed" (Vol. i, p. 421).

Tim ERP notes that the introduction of new species greatly increases the expense and difficulty of
restoring the estuary, and that a new invasion can destroy the value efa restoration project (Vol. I,
p. 464); and that the elimination of additional species introductions is crucial to the ultimate success
of the ERP (Vol. I, p. 462, citing the Strategic Plan).

Links to agency mandates: Several state and federal agencies have initiated efforts to rear,age the
release ef exotic species in ballast water or may have responsibility for doing so under various
statutes or administrative actions, and this study will provide information that is useful and perhaps
critical for those efforts. Responsible or potentially responsible agencies include:

the RWQCBs--the San Francisco Bay RWQCB has niitiated the setting of a Total
Maximum Daily Loading (TMDL) tbr exotic species discharged in ballast water, with
regulations to follow;
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Ballast Water Sampling (SFEI/Cohen)                                                                          9

SWRCB--which has proposed including ballast water regulations in the California Ocean
Plan; both the SWRCB and the RWQCBs may have direct responsibility for ballast water
discharges under California’s Porter-Cologne Water Quality Act;
USFWS--which may have responsibilities under the federal Endangered Species Act or
the National lnvasive Species Act (NISA);
US EP~which may be required to regulate ballast water under the Clean Water Act;
US Coast Guard--under NISA.

Other laws which may establish agency responsibilities for managing ballast discharges include the
federal lace Act (affecting USFWS) and various provisions of the California Fish and Game Code
(affecting CDFG). The recent Presidential Executive Order #13112 directs federal agencies to take
all necessary steps to prevent the introduction ofinvasive species, which may reasonably include
regulating ballast discharges.

System-Wide Ecosystem Benefits
Nonindigenous organisms introduced into and established in one par. of the Bay/Delta watershed
may readily spread to other parts. For example the Asian clam PotamocorbuIa amurensis,
apparently first established in the Suisun Bay, quickly spread throughout the lower bay, and the
Chinese mitten crab Eriocheir sinensis, first reported from the South Bay in 1992, has spread
throughout the Bay and Delta mud well up into the tribuUtry waterways of the Central Valley and the
Bay region, and is apparently still spreading. Apparently all pasts of the watershed may be at risk
from invasions by nonindigenous species established by ballast discharges anywhere in the
Bay/Delta system. So, by contributing to efforts to manage ballast discharges in the Bay/Delta
system this project may provide benefits thi’oughout the watershed.

Controlling the introduction of nonindigenous species in ballast discharges may link with other
ecosystem elements and objectives, For example, introduced species may compete with native or
other important sport or food species for food. may displace or alter the available food resources of
important species and disrupt trophie pathways, may make some contaminants move bioavailable.
Abundant fouling or clogging organisms--such as zebra mussels, the freshwater Asian clam
Corbiculafluminea, mitten crabs or aquatic plants--may impair the functioning of fish protective
devices such as fisb screens in the Delta and tributary rivers, may obstruct fish salvage operations,
or may interfere with the safe passage of fish up fish ladders.

Compatibility with Non-Ecosystem Objectives
As noted in the ERP, aquatic invasions have harmed public health, decimated fisheries and
impeded or blocked water supplies (Vol. I, p~ 464). The introduction of burrowing organisms
such as mitten crabs may accelerate bank erosion and pose a threat to Delta levee integrity. By
supporting efforts to control the release of exotic species in ballast discharges, this project could
reduce risks to water supply reliability, levee integrity, and water quality.

Project data will contribute to understanding the factors that affect the rate and extent of invaalons
in estuaries, which should result in more efficient control strategies that target the most important
factors. ~[%is will benefit federal and state agencies charged with controlling biological invasions;
will benefit stakeholders at risk of impacts fiom invasions (such as the aquaculture and commercial
fishing industries, recreational boaters and fishers, water agencies and power plants); and might
also benefit industries that could be subjected to regulations to prevent invasions, by focusing
regulations on the most critical invasion factors.

Project data will be used to assess the ecological, economic and public health risks of ballast
discharges; to develop treatment options; and to assess the effectiveness of regulatory approaches
and treatment methods. These data may be used by regulatory agencies (hacluding SWRCB, San
Francisco Bay and Central Valley RWQCBs, US FPA, USFWS, NMFS, CDFG, etc.);
stakeholders (shipping companies, ports, ell terminals, US ACE, civic and environmental groups);
and researchers investigating biological invasions in this ecosystem and elsewhere,

I --01 9934
1-019934



Ballast Water Sampling ( SFEl/Cohen) !0

Feasibility and Timing

Alternatives Considered
Do not satanic ballast water: A general description of the expected types of biota to be ibund in
ballast water coald be derived from ballast water studies conducted elsewhere, and mueh of the
available information has been summarized by Cohen (1998). However this approach would not
provide the specific information needed to conduct relative risk assessments: to assess the
effectiveness of at-sea ballast exchange as conducted by ships entering Bay/Delta waters; or to
conduct analyses of invasion vectors and the rate and extent of invasions across ecosystems and
over time. There is little available infunnatlon even in a general sense on levels of microbial or
chemical contamination in ballast water, and on the physical and chemical parameters that may
affect trealruent options; and specific information on these questions for the Bay/Delta region, as
well as specific information on the arriving biota, would be lacking.

Longer or shorter duration of samplin~ pmgranl: While a shorter, and therefore somewhat
cheaper, sampling project could be conducted that would produce useful ulformallon on the
biological, physical and chemical characteristics of ballast water in the Bay/Delta region, given the
time required to set up such a program and get it operating smoothly (both tectmically and in terms
of organization and co-ordination), we judge that a project of at least 2 years’ duration with
sampling conducted over 18-20 months of that period would make for an efficient use of
resources. A longer project could have substantial added value, however we think that the merits of
a longer sampling program could be assessed after this project was underway, and if thought to be
worthwhile, additional funding could then be sought. We have included such a review in the
project plan (see Schedule and Deliverables, above).

Delete components: The acquisition and analysis of slfipping data could be deleted, or pursued as a
separate proj oct; but tins analysis will produce information on the sources and volumes of ballast
water and on trends in these over time that would add substantial value to the data gathered from
ballast water sampling at relatively modest additional cost.

Add components: We are simultaneously seeking funding from the National Sea Grant College
Program to culture subsamples of larval zooplankton ~ later larval or adult stages for identification
(preproposal for $171,000, submitted on 4/5/99). Many of the organisms in ballast water are
present only in larval form (the adults being non-planktonic), and without such culluring these
organisms would only be identified to ingher taxonomic levels (family or ingher), providing
limited information on biotic composition. If Sea Grant decides not to award fnndiiag, a larval
cul~fing component could be usefully included with the CALFED-fanded work. Other aspects of
tmxonomic analysis (e. g. identification of phytoplmtkton, and of dinoflagellate cysts and algal
spores, including toxin-producing species; detailed analysis of bacteria in ba[iast water and
sediments, including assessment of the presence of human pathogens or anti-biotic resistant
strains) could also be included, and we might seek funding to add such studies to the ballast water
sampling program from other sources or from future CALFED sohcitations. During the sampling
program, it may also be possible to arrange with certain ships for observational or experiment’al
studies on the biota or ecology of ballast water over the course of a voyage.

Compliance Documents
No compliance documents will be needed to conduct this project.
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Monitoring/Data Collection

Objectives
This project has six research objectives:

To acquire and anatyze data on ship arrivals in the Bay,"Dclta syslem over the past two
decades to detelxrfine changes anil trends in the sonrces and in the estimated voinmes of
ballast water arriving.
To develop and analyze data on the non-indigenous biota in arriving ballast water for
comparative studies with other estuaries.
To develop data on the non-indigenous biota and chemical contaminants in ballast water
discharges to enable assessment uf ecological, economic and pubiic health risks.
To develop data on the types of organisms in ballast water and on the chetaical and physical
condition of ballast water that are needed to develop effective treatment ophons.
To develop baseline data on the biota of ballast water discharges to enable assessments of
regulatory approaches that may be taken and of management or treatment methods as they
are applied.
To test for correlations between the timing of changes in ballast water source regions (and
the ballast biota associated with those source regions), and the establishment of ballast-
associated nonindigenous species in the Bay/Delta estuary.

Collection Approach
Sampling will be conducted by a 2-person team, typically an Environmental Analyst and an Intern,
Samples will generally be taken by vertical plankton tows (3-5 replicates, 80 gm mesh) or pump
sampling, depending on the type of ballast tank and available access. Methods for ballast water
sampling have been described by Dodgshun and Handley (1997) and Sutton et aL (1998). Samples
;vi21 be taken from as many ballast tanks as can be accessed on each ship. Whole water samples
;vill be collected for physical, chemical and microbial analysis. Depending on the availability of
ships and the number of samples taken per ship, we expect to sample an average of 1-2 ships per
week, Ships calling at ports and terminals throughout the estuary will be sampled (see maps
enclosed). Vessels to be sampled will be selected to cover a representative range of source regions,
vessel types and sizes. Sediments and macrofauna will be sampled when possible. Seawater
system components other than ballast tanks will be sampled as opportunity permits.

Data Evaluation
Biologic samples will be cooled and aerated for transport to the laboratory, initially exarmned tbr
live plankton mad, if funding for larval culturing is available, subsamples taken for tkis purpose.
The remaining sample will be fixed in buffered formalin for sorting, identification to lowest
possible taxon, and enumeration. Taxonomic specialists will be consulted as needed. Water
samples will be analyzed tbr a range of physical, chemical and microbial parameters (see Table 2
for examples) using standard protocols. Methods and approaches will be reviewed as appropriate
by the ballast sampling technical consultant; a ballast sampling advisory group consisting of
researchers who have conducted ballast samplings and skipping studies and the t0xonormsts and
technicians who may be examining the samples; the ballast water treatment research teams for the
studies noted in "Linkages to other project" under Project Benefits; or by the water quality
regulatory agencies. Results will be subject to external peer review. A progress report will be
produced midway through the project, after which a meeting will be beld, incinding project
principals, collaborators and affected regulators, resource managers, stakeholders, etc., to review
the project and consider modifications to the project and the value of continuing the sampling
program beyond the project period. A final report will be produced at the conclusion of the project
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Ballast Woter Sampllr~g (SFEI/Cohen) t2

Table 2. Monitoring Data and Collection Information

Question to be I Protocol
addressed Monitorin[~ parameters/Data collection references Data evaluation
So~rces and Data acquired and analyzed from: San Carlton et Survey reviewed by
volumes of Francisco Marine :Exchange, National aL 1995 technic~fl consultant
ballast water Biological Invasions Shipping Study, US and advisory group.
arriving in Census Bureau Montldy Vessel Enh’ance External peer review
Bay/Delta ports data (TM 385), National Ballast Water of results.

Clearinghouse (SERC), and survey of
ships boarded for sampling.

’ General ballast Vertical plankton tows (80 gm mesh) Dodgshun Methods reviewed
water sampling and/or filtered pump samples for & Hmadley by technical
protocols zooplankton; supplemental sampling of 1997; consultant and

tanks sediments, macrofanna, other Sutton et at. advisory group.
seawater system components as possible.1998
Whole water samples for physical,
chemical and microbial analysis.

Mature i Initially examined for hve plankton; fixed, : Confirmation of
zooplankton sorted, identified to lowest possible taxon, identifications by

and enumerated, taxonomic specialists
~ as needed. External
peer review of
results.

Larval Initially examined for live plankton; fixed,Strathmann Confirmation of
zooplankton sorted, identified to lowest possible taxon,1997 identifications by

and enumerated. Subsamples cultmed by taxonomic specialists
standard techniques to adult or latest as needed. External
possible larval stage, then fixed, sorted peer review of
and identified to lowest possible taxon, results.
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Ballast Water &tmpling (SFEl/Cohen) 13

Table 2 continued. Monitoring Data and Collection Information

Question to be Protocol
addressed Monitorinl~ parameters/Data collection references Data evaluation
Physical and Examples of parameters that may be for organic Set of parameters to
chemical measured include: turbidity, standard compounds: be measured
factors of m2nerals analysis (alkalinity, ammonia- EPA method reviewed by water
environmental nitrogen, bicarbonate, boron, calcium, 604, 630, quality, regulatory
health or public chloride, sp. conductance, fluoride, iron,8080, 8100,agencies. External
health concern magnesium, nitrate-nitrogen, pH, 8120, 8140,peer review of

potassium, sodium, sodium hydroxide, 8150, 8270results.
sulfate, total anions, total cations, total
dissolved solids, total hardness (as
CaCO3) and total phosphatz-P), total
suspended solids, settleable solids,
drssolved oxygen, chemical oxygen
demand, biochemical oxygen demand
(five-day). l0 priority pollutant metals
(As, Cd. Cu, Cr, Pb. Hg, Ni, So, Ag, Zn)
(GFAA method), phenols (EPA 604),
organochlorines pesticides and PCBs
(8080), polynuelear aromatic
hydrocarbons (8100), chlorinated
hydrocarbons (8120), organophosphate
pesticides (8140). chlorinated herbicides
(8150). semivolatile organics (8270),
dithioaarbam~te pesticides (630),
carbamate and urea pesticides (630). total
colifoma (25 tube), fecal coliform (25
tube), fecal streptococcus, Giardia,
microbial DNA analysis.

Physical and Examples of parameters that may be Oemke & Set of parameters to
chemical factors measured include: temperature, pH, van be measured
that may affect turbidity, UV transmittance, totaa Leeuwen reviewed by ballast
treamlent suspended solids, particle size 1998 water treatment
approaches distribution, dissolved organic carbon, Fe, research teams.

Mn, alkalinity, bromide, ammonia, nitrite, External peer review
target organism sizes, target organism of results.
concentrations.
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Local Involvement

The Contra Costa County Board of Supervisors, the Contra Costa County Planning Department.
the Delta Protection Commission and the Bay Conservation and Development Con-arasion have
been advised of the proposed project.

The Center for Marine Conservation and the San Francisco BayKeeper are aware of the proposed
project and strongly support it.

Staff at the Port of Oakland and the Port of Sacramento have been advised of the proposed project.
As noted in "Linkages to other project" under Project Benefits, project data on ballast water
biota and phystcal and chemical characteristics may be usefal for an investigation ol’ballast water
treatment proposed by the California Association of Port Authorities, winch the Port of Oakland is
helping to develop. All of the ports and many of the terminals in the Bay/Deha region will be
contacted for this study, and will have the opportunity to review the methods and results.

Participants in other ballast water treatment studies in the Bay/Delta Region, including staff at the
San Francisco Oceanside Laboratory, San Francisco Southeast Wa~tewater Treatment Plant,
Central Contra Costa Sanitary District, Contra Costa Watxr District, Port of Oakland, SWRCB and
San Francisco Bay RWQCB either have been or will be notified of this study, and will similarly
have an opportunity to review methods and results.

We anticipate that number of researchers at different institutions or agenc~les in the region will be
involved in this study, or in supplemental studies that build upon it, in one way or another. Those
involved thus far in the course of prepm-ing the proposal include researchers from SFEI,
SFSU/Romberg Tiburon Center, CDFGBEP, USGS and RWQCB.
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San Francisco Estuary lnstitnte

April 15, 1999

Supervisor Joe Cancia~lla, Cha~r
County of Contra Costa
Board of Supervisors
651 Pine Street
Martinez, CA 94553

Dear Supervisor Canciamilla:

Per instructions stated in the CALFED Bay-Delta Program, February 1999 Proposal
Solicitation Package, this 1citer serves to notify you o~" our intent to submit the project proposal
entitled "Determining the Biological, Physical and Chemical Characteristics of Ballast Water
A.~iving in the San Francisco Bay/Delta Estaary".

If you have any questions, piease contact me.

Very truly yours,

Executive Director
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San Francisco Estuary Institute

April 15, 1999

Dennis M. Barry, AICP, Director
County of Contra Costa
Community Development Department
651 Pine Street
North Wing - 4t~ 1~loor
Martinez, CA 94553

Per instructions stated in the CALFED Bay-Delta Program, February 1999 Proposal
Solicitation Package, tiffs letter serves to notify you of our intent to submit the project proposal
entitled "Determining the Biological, Physical and Chemical Characteristics of Ballast Water
Amving in the San Francisco Bay/Delta Estuary".

k’you have any questions, please contact me.

Very truly your~f /

Execulave Director
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San Francisco Estuary Institute

Apfil15,1999

M~rgit Aramburu, Director
Delta Protection Commission
14215 River Road
P. O. Box 530
Walnut Grove, CA 95690

Dear Ms. A~amburu:

Per Jns~rectJons stated in fl~e C,’LLFED Bay-Delta Program, Februazy 1999 Proposal
Solicitation Package, this letter serves to notify you of our intent to submit the project proposal
entitled "Determining t~e Biological, Physical and Chemical Characteristics of Ballast Water
Arriving i~ the San Fr~acisco Bay/Delta Estuary".

If you have ~y questions, pIease contact me.

Very tnaly yours,
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San Francisco Estuary Institute

April 15, 1999

Robert Tufts, Chair
San Francisco Bay Conservation

and Development Commiszinn
30 Van Ness Avenue, Room 201
San Francisco, CA 94~_02

Dear Mr. Tufts:

Per instructions stated i.n the CALFED Bay-Delta Program, Febma~ 1999 Proposal
Solicitation Package, this letter serves to notify you of our intent to submit the project proposal
entitled "Determining the Biological, Physical and ChemAcal Characteristics of Ballast Water
Arriving in the San Francisco Bay/Delta Estuary".

If you have arty questions, please contact me.

v~:y t~ly yon,/7 /

Mar~hnson
Executive Director
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~Rallast Water ~amphng (SFEl/Cohen)

Cost

Budget Explanation
This discussion refers to budget tables 3 and 4. This is a 2-year project. The rates for most labor,
services and supplies are calcuiated at 5% greater J.a the second year. Funding for task 4, the
cnlturing and identification of znuplankton larvae and associated costs for repor~ preparation and
project management, are being songht from the National Sea Grant College Program!California Sea
Grant (see Cost-Sharing, below). Most of the costs for task 5, the analysis of physical mad
chemical parameters and standard microbial analysis, will be paid fur by the San Franoisco Bay
Regional Water Quality Centrol Boa~d. iv[. Wonham’s salary, benefits and overhead will be paid
by a University of Wash~ngtan fellowship (task 2).

Salary & Benefits: Benefits are calculated at 18.95% of salm.w.

Service Contracts: Service contracts ianfude payment for Wire Kimmemr through SFSU, plus
payment f~r additional assistance from other taxonomists ($10,000 in the fixst year, half that ra the
second year).

Material and Acquisition Costs: We listed equipment purchases in this category. These include
plankton nets, pumps, power sources and electficui converters, sampling bottles and other
sampling equipment for ballast water sampling (task 2); microscopy equipment and other
laboratory equipment for zooplankton identification (task 3); and office furniture and computer
equipment,

Miscellaneoos and Other Direct Costs: These include $6500 for the purchase of historic shipping
data from the San Francisco Marine Exchange or other sources for task 1; sampling supplies
(bottles, fixative, etc.) @~S2500/yr for task 2; subscription to the Marine Exchange’s ship
reporting service @~$500/yr for task 2; local travel @=$2500/yr for task 2; travel costs to the Bay
Area for M. Wonham @$2000 in the first year for task 2; travel to present papers at scientific
meetings for project participants @--$3000/yr for various tasks; laboratory supplies (glassware,
reagents, dissecting tools, etc.) @=2500!yr for task 3; costs for water quality analysis
@=$20,000/yr for task 5 will be paid by the RWQCB and do not appear in the budget tables;
misceIlaneous costs of =$500 for task 2 in the fn’st year include purchase of reports, tools, etc.;
rmsce!lanenus costs of =$2000 for task 3 over two years include packing & shipping costs,
purchase of reports, etc.; miscellaneous costs of =$3000 ft~r task 6 over two years include printing
costs, purchase of reports, software etc

Overhead and Indirect Costs: Overhead is calculated at 37.08% of salary and benefits plus 7.09’0
of service contracts. Overhead rates were calculated by standard methods for federal contracts.
State overhead rates are 53.36% on salary and benefits plus 7.0% on service contracts.

Schedule
The acquisition and analysis of historic shipping data wi21 occur during the first two quarters of the
first year. Work on the progress report will occur in the fourth quarter of the first year, and on the
final report in the last half of the second year. The other tasks will be pursued throughout the
project period, with equipment acquisition occurring in the first quarter of the first year. Payments
could be tied to the completion of the progress report and the final report.
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Ballast Wa~er Sampling (~FEI/CohetO 16

Table 3. Total Budget (CALFED funds only)

Table 4. Quarterly Budget (CALFED funds only)

~’ask Oct-Dec 99 Jan-Mar 00 ! Apr-Jun 00 [ Jul-Sep O0 Oct-Dee 00

. Acquir~ & analyze shipping data 1/,93-" 5,435 0[ 0 0

:. Sample ballast water 22,94( 12,940 12,940, 12.940 11,897
;. Identify uncultured zoopla~}~ton 40,807 25,807 25,807 25.807 24,263
. Culture & identify larvae iJ 13 0 0
;. Chemicaltphysical analysis 51C 510 510 510 0
;. Repot, preparation 0; tl~ 4,533 0

F. Project management 1,01~ 1,019! 1,019[ 1,019 1,019
Total 77,21f 45310! 40.2751 ~-~.,808 37,180

Table 4 continued. Quarterly Budget (CALFED funds only)

Jan-Mar01 Apr-Junml JulSep01 ITotalBedget
1. Acquire & analyze shipping data

24,2603

17,370

2. Sample ballast water 11,895 11,897 11.897 109,348
i. Idendfy uncu ured zooplank on 24,262 24.263 215,280

4. Culture & identify larvae 0 0 0

3. Chemical/physical analysts 0 0 2,038
~. Report preparation 4,796 14,387 23.716

~Project management 1,01~ 1,019 1.019 8,153
~tal 37,]8( 41,976i 51.567 375,905
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Ballast Water Somp!Olg (SFEI/Cohen) 17

Cost Sharing

The San F~analsco Bay Regional Water Quality Control Board has agreed to pay for the laboratory
costs for water quality analysis, inclading mlalysis of physical and chemical parameters and
standard microbial analysis, The laboratory work would be conducted by subcontractors to the
Regional Board and paid by the Regional Board. These costs arc estimated at about $20,000 per
year. Steve Moore would manage this part of the project, and l’fis time for this and for other
involvement in the project is estimated at about $7,300.

Payment for Marjorie Wonham’s time, estimated at $3,000, will be covered by a University of
Washington graduate student fellowship. Payment for Mary McGann’s time, estimated at $2,000,
will be covered by her salary from the U. S. Geological Survey. We anticipate that there may be
other collaborators assisting with taxonomic work or other aspects of this research, contributing
moderate amounts of time that would be covered by their home institutions. We also anti(lpate the
poasibitity that graduate or undergraduate research projects may provide other in-kind contributions
to this project.

A separable component of this project, the culturing ef ]arval zooplat~kton to later larval or adult
stages and the identification of those stages, has recently been submitted for funding as a
preproposal through the California Sea Grant College System to the National Sea Grant
Competition for funding for Aquatic Nuisance Species Research and Outreach. The portion of the
project being submitted to CALFED for funding can be completed without the larval culturing
component, and so is not depenllent on SeaGrant awarding funding. However, the reverse is not
trae: the larval culturing component which we are seeking to fund through Sea Grant could not be
done without the basic ballast water sm’npling program that we are seeking to fund through
CALFED and others. Fall proposals are due at Sea Grant by May 27, and Sea Grant will provide a
response to the preproposal sometime before dien; funds are expected to be awarded by around
October 1, 1999,

Sea Grant requires a 50% match in non-federal funds for its grant~s. The request to Sea Grant is for
$171,0130 over two years. In order to meet the required match along with the other contributions,
about 10% oftbe CALFED would need t(3 be non-federal funding.

We anticipate that we will be developing and seeking funding for other add-on projects to augment
the basic ballast water sampling program as opportunity and interest arises. These may, for
example, include assessment and identification of phytopIankton, bacteria or viruses; experiments
regarding the vial~lity of ballast water organisms if discharged into Bay/Delta waters; or focused
investigations of ballast tank sediments or other components of ships’ seawater systems.
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Ballast Water Sampling (SFEI/Cohea) 18

Applicant Qualifications

Project Leader Dr. Andrew Cohen is an Environraental Scientist at the San Francisco
Estua~’y Institute, where he directs a research program on biological invasions ra marine and
freshwater ecosystems. He received his Bachelor’s degree in Environmental Sciences and his Ph.
D. in Energy and Resources frora the University of California, Berkeley. He has conducted
exten~lve research on nonindigenous species in tile Bay/Delta Estuary and other west coast
estuaries, and on the transport vectors introducing noalndigenous species into aquatic ecosystems.

Dr. C0hen’s research activities and interests have included investigations of: tire extent and rate of
biological invasions in the Bay/Delta Estuary; invasions by the European green crab, the Chinese
mitten crab, the Atlantic rough periwinkle, a Japanese ~braminifer and other species; invasion
vectors including ballast water, the aquarium/pet trade, aquaculture and the raarine baltworrn trade;
ballast water treatraent; priofitizing control efforts for nonindigenous raarsh plants; the effect of
species characteristics on the initial success of invasions; the effect of environraental factors on the
potential spread of invasions; and the role of parasites in obstructing or facilitating host invasions.

Between 1993 and 1998 Dr. Cohen organized and led teams nf taxonomic specialists and raarine
ecologists on five Rapid Assessment Surveys for nonindigenous species in the San Francisco
Bay/Delta Estuary and in Puget Sound. He serves on the Executive Committee of the Western
Regional Panel on Aquatic Nuisance Species. In 1998 he was awarded a Pew Fellowship in
Marine Conservation to investigate biological invasions in tropical marine ecosystems.

In addition to overall project raanageraent, Dr. Cohen will have primary responsibility for
managing the acquisition and analysis of shipping and ballast water discharge data; for setting up
and raanaging the ballast water sampling progrm~n; and with Dr. Kimmerer will manage the larval
culturing activities and analysis of sarapling data.

Representative Publications
Cohen, A.N. 1998. Ships’Ballast Water anz! the Introduction of "Exotic Organisms inra the

San Francisco Estuary: Current Status of the Problem and Options for Management A
report for CALFED, Sacramento CA.

Cohen, A.N., C.E. Mills, H. Berry et aL 1998. Report of the Puget Sound Expedition,
September 8-16, 1998; A Rapid Assessment Survey oj Nonindigenous Species in the
Shallow Waters of Puget Sound. Dept. of Natural Resources and USFWS, Olympia WA.

Cohen, A.N. & LT. Carlton. 1998. Accelerating invasion rate in a tfighly invaded estuary.
Science 279: 555-558.

Cohen, A.N. & J.T. Carlton. 1997. Transoceanic transport mechanisms: the introduction of
the Chinese mitten crab Eriocheir sirwnsis to California. Pacific Science 51(1): 1 11.

Cohen, A.N. & J.T. Carlton. 1995. Nonindigenous Species in a US Estuary: A Case Stud)" of
the Biological Invasions of the San Francisco Bay and Delta. USFWS, Washington DC.

Project co-Leader Dr, Wira Kimmerer is a Senior Research Scientist at the Roraberg
Tiburon Center. He received his Bachelor’s degree in chemistry from Purdue University and his
Ph.D. in biological oceanography frora the University of Hawaii in 1980. After a post doctoral
position at the University of Hawaii, he spent 3 years as a Zoology Research Fellow at the
University of Melbourne, add subsequently worked as a Senior Scientist at BioSysteras Analysis,
a scientific consulting fLrm. He has conducted research in Hawaii. Australia, severn tropical
Pacific islands, Alaska, and California. At present his work focuses on the San Francisco
Bay!Delta ecosystem.

Dr. Kimrnerer’s diverse research interests include raany aspects of biological oceanography and
estuarine ecology, with particular eraphasis on zooplankton ecology and compurer modeling.
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Ballast Water Sampling (SFEI/CohenJ !9

Areas of interest include the influence of predation on communiW structure, population dynamics
of zooplankton and fish, the interaction of plankton with their physical environment, and the
influences of species introductions and other human activities on coastal marine envirortments.

Dr. Kimmerer has published several papers on the influence of introduced species on the Bay/Delta
ecosystem. He is an expert on the effects of varying freshwater flow on the estuarine ecosystem,
and has worked to resolve complex technical issues regarding management of this ecosystem. He
led a team of scientists from several agencies and universities in a detailed study of interactions
between circulation and movement of organisms in the low-salinity zone of the estuary. He has
~dso conducted analyses and modehng studies of the population dynamics of chinook salmon and
striped bass in the Bay and its watershed. He is Chair of the lnteragency Ecological Program’s
Estuarine Ecology Team, and was a member of the CALFED Strategic Planning Core Team.

Dr. Kimmerer will have primary responsibility for managing the identification of zooplankton; and
with Dr. Cohen will manage the larval culturing activities and analysis of sampling data.

Representative Pubhcations:
Kimmerer, W.J., E. Gartside, and J.J. Orsi. 1994. Predation by an introduced clam as the

probable cause of substantial declines in zooplankton in San Francisco Bay. Ma(me Ecology-
Progress Series 113:81 93.

Kin~nerer, W.J. and J.J. Orsl. 1996. Causes of long-term declines in zooplankton in the San
Francisco Bay estuary since 1987. pp. 403 424 in San Francisco Bay: The Ecosystem. J.T.
Hollibaugh (ed.). AAAS, San Francisco.

Project Co-leader Steven Moore is an Associate Engineer with the San Francisco Bay
Regional Water Quality Control Board. He received a Bachelor’s degree in Biological Sciences and
a Master’s degree in Civil and Environmental Engineering from Stanford University. Prior to his
current position with the Regional Board, Mr. Moore worked as a Senior Engineer with
Montgomery Watson Consulting Engineers and as an Environmental Analyst at Earth Metrics.

Mr. Moore’s regulatory experience incIudes wetlands permitting, watershed monitoring and
assessment, NPDES permitting and compliance, total maximtma daily load (TMDL) development
and implementation, mad toxic pollutant control. He is currently working on the de vehipment of a
TMDL for nonindigenous species.

Mr. Moore will have primary responsibility for managing the analysis of the physical and chemical
characteristics of ballast water, and the microbiaYwater quality analysis of ballast water.

James Orsi is a Sevfior Specialist with the California Department of Fish and Game. He has been
Project Leader for the Neomysis!Zooplankton study since I972 and has published several papers
on nonindigenous zooplankton in the Bay/Delta estuary. He is also co-editor of California Fish
atul Game.He and his laboratol2� staff wdl be available to assist with zooplankton identification.

Mary McGann is a Research Geologist at the U. S. Geological Survey, She has conducted
several studies on foramialfers in San Francisco Bay, including an introduced Japanese forammifer
that has become ootrmlon in San Francisco Bay and other estuaries ot~ the Pacific Coast Ms.
McGann will identify the foraminifers collected from ballast sediments and ballast water.

Marjorie Wonham is a Ph.D. candidate in Biology at the University of Washington, where she
is conducting research on noinndigenous species in the coastal waters of Washington state. Prior to
enrolling at the Ualversl~, Ms, Wonham directed a research pioject at the Smithsonian
Environmental Research Center that involved sampling ballast water on commerci~ ships traveling
from Europe to the Uinted States. Ms. Wonham will serve as a technical consultant for the ballast
water sampling program,
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Ballast Water Sampling (SFEl!Cohen) 20

] Primary Area of Responsibility

Project Leaders:
Andrew N. Cohen Overall management of preject

Shipping data acq~fisition and atlaJysis
Ballast water sampling
Larval culturmg

Win Kimmerer Identification of zooplankton
Larval culturing

Steven M. Moore Water quality analysis

Collaborators:
James J. Orsi Idemificatioa of zoo~zlankton

Mary McGann Identification of foraminifera

Majorie Wonhara Technical assistance for ballast water sampling

Scietwe 261: 78-82.
Carllon, J. T., Reid, D. M. & H. van Leeuwen. 1995. The Rote of Shipping in the lmroducrion of Noniffdigenous

crab Eriocheir sinensis to Califomia. Pac~c Science 51 (t): I 11.
Cohen, A,N, & 7~T. Carlton. 1998. Accelerating invasion rate in a highIy ~nvaded estuary. Science 279:555-58.
Cohen. A.N 1998. Ships’ Ballast Water and the lntroducffon of Exotic Organisms into the San Francisco

Estuary: Current Status of the Problem and Optlons for Management. A report for CALFED, Sacramento.

declines itx zooplankton ia San Francisco Bay Mar. Ecol. Prog Set. 113:81 93.

Newsletter summer t995: 16-17.
Strathmann, M, F, 1987. Reproductiozt and Development of Marine Invertebrotes of the Northet~ Pac97c Coast:
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" APPLICATION FOR D~4B App~o’~,~ NO O~-’B-r.C~’ ’.

FEDERAL ASSISTANCE ~. SAT~ SUBMITTED Applicant rdentifier

[] Consti’uction

10. (~ATALOG OF FEDERAL DOMEB]IC ASSISTANCE NUMBER:              11. DESCRIPTIVE TITLE OF APRLICANT~S PROJECT:

_~_~-~L~ Determining the Biological, Physica
and Chemical Characteristics of

Francisco Bay/Delta Estuary

10/99I 7TH 7TH

17. IS THE APPLICANT DELINQUENT ON ANY FEDERAL DEBT?
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BUDGET INFORMATION - Non-Construction Pro~lrams

1. 3~905 ~.$ 3~905

153 ~ 33~

25,000 25.e00

f Conlraclual 59t 986 59t986

36,700 36,7D0
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NONDISCRIMINATION COMPLIANCE STATEMENT     "

~ SAN FRANCISCO ESTUARY INSTITUTE

The company named above (heieinafter referred to as "prespective contractor") hereby certifies, unless
speci_fically exempted, compliance with Goverm~ertt Code Section 12990 (a-f) and Calgornia Cod~ of
Regulations, Tide 2, Division 4, Chapter 5 in matters relating to repo,xing requirements and the
development,implementation and maintenance ofaNondiscrimination Program. Prospective conWactor
agrees not to unlawfully discriminate, harass or allow harassment against any employee or applicant for
employment because of sex, race, color, ances~-y, religious creed, national origin, disability (including
FffV andA1DS), medical condition (cancer), age, marital status, denial of family and medical care lenve
and denia! of pregnancy disability leave.

CERTIFICATION

I, the official naraed below, hereby swear that ! am duty authorized to legally bind the prospective

contractor to the above described cemficatior~ I am fully aware that this certification, executed on the

date and in the county below, is made under perudty of perjury under the laws of the State of California.

~ive Directo

San Francisco Estuary Institute
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ASSURANCES ~ NON-CONSTRUCTiON PROGRAMS

information. Send comments regarding the burden estimate or any other aspect ef this collection of info~malion, including suggeslions for
reducing this burden, Io the Office of Management and Budget, Paperwork Reduction Proiect (0348 0040), Washington, DC 20503.

IFLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND BUDGET. |

~SEND IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY.

awarding agency. Further certain Federal awarding agencies may require appricants to certJty to additional assurances, ff such
is Ihe case, you will be notified,

1. Has the legal authority to apgly for Federal assistance Act of 1973, as amended (29 U.SC §794), which
and the inslilu[ional, managerial and financial capabilily prohibits discrimination on the basis of h~,ndicaps;

of project cosl) to ensure proper planning, management U S.C. §§9101 B107), which prohibits discrirninagon
and completion of the project described in this on the basis of age; (e) the Drug Abuse Office and
applica9on. Treatment Act of 1972 (P.L. 92-255), as amended,

2. Will give the awarding ~.gency, the Comptroller General abuse; (f) the Comprehensive Alcohol Abuse and

through any authorized representative, access to and Acl of 1970 {P.L. 91-616), as amended, relating to

documents related to the ~ward; and will establish a alcoholism; (g) §§$23 and 527 of the Public Health
proper accounting system in accordance with generally Service Act of 1912 [42 U S,C. §§290 dd-3 and 990 ee
accepted accounting standards or agency directives. 3), ~s amended, relagng to confidentiality of alcohol

~nd drug abuse patient records; (h) Title VIII of the
3. Will establish safeguards to prohibit employees from Civi~ Rights Act of 1968 ~42 U.S.C. §§3601 et seq.}, as

using their positions for a purpose that constitutes or amended, relating to nondiscrimination in the sale,
presents the appearanse of personal or organizational rental o=" financing ef housing; (i) any other
c0nf~i~’t of interest, or personal gain. nondiscrimination provisions in the specific statute[s)

under which application for Federal assistance is being

agency, appricatlon.

1970 (42 U.S.C. §§4728 4763) relating to prescribed requirements Of Titles II and [11 Of the Uniform

one of the lg statules or regulations specified in Policies Act of 1£70 {P.L. 91-B46) which provide for
Appendix A of OPM’s Standards for a Merit System of fair and equitable treatment of persons displaced or
Personnel Administration (5 C.F.R 90(3, Subpart F). whose property is acquired as a resul! of Federal or

federally-assisLed programs These requirements apply
9. Will comply with all Federal stalutes relating Io to all interests in reef proper#/ acquired for project

nondiscrimination. These ;nclude but are not limited to: purposes reg&rdless of Federal paritcipagon
(a) Titre VIol the Civil Rights Act of 1994 (P.L. 88-352) purchases

or national origin; (b) Title IX of the Education 8. Will comply, as applicable, with provisions of the
Amendmen~ of 1972, as amended (20 U.S.C §§1681 Hatch Act (5 U.SC §§150t-t508 and 7324-7328~
1683, and 1695-1696), which prohibits discrimination on which limit the political activities of employees whose
the basis of sex; (c) Seclion 504 of the Rehabilitation principa! ernploy£~ent activities are funded in whole or

in part with Federal funds.
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PSP Cover Sheet (Attach to the trent of each proposal)
Determining the Biological, Physical add Chemical
Characteristics of Ballast Water Arriving in the
San Francisco Bay/Delta Estuary

Proposal Title:
Applicant Name: Andrew N. Cohen, San Francisco Estuary Institute

~4a{llngAddress: 1325 South 46th Street, Richmond, CA, 94804

Telephone: ( 510 ) 231-9539

Fax: (510)231-94~4

Email: acohen@ s fei. orq

Amount of funding requested: $ 375,905.00    for2__ years

Indicate the Topic for ,Milch you are applying (check only one box).

n Fish Passage[Fish Screens ~ ~ntroduced Species
C~ Habitat Restoration [] Fish Managernentfftatchery
~ Local Watershed Stewardship [] EnvironmentalEducation
~z Water Quality

Does the proposal address a specified Focused Action? __ yesx no

What county or counties is the project located in? Contra Costa

Indicate the geographic area of your proposal (check only one box):
c~ Sacramento River Mainstem ~ East Side Tfib:
~ Sacramento Trib: ~ Suisun Marsh and Bay
tz San Joaquin River Mainstem ~z North Bay/South Bay:.
c~ San Joaquin "l’rib: ~ Landscape (entire Bay-Delta watershed
c2 Delta:. ix Other:

Indicate the primary species wMch the proposal addresses (check all that apply):
~ San Joaquin and East-side Delta tributaries fall-run chinook salmon
~ Winter-run chinook salmon m: Spring-run chinook salmon
m Late-falI mn chinook salmon ~ Fall-run ctfinook sahnen
~ Delta smelt t~ Longfinsmelt
m Splittail m Steelhead trout
t~ Green sturgeon ~ Striped bass
~t Migratory birds ~: All chinook s~ecies
~ Other: Any s~eciea may be ~ All anadromous salmonids

affected.

Specify the ERP strategic objective and target (s) that the pruject addresses Include page
numbers from January 1999 version of ERP Volume 1 and II:

Eliminate introductions of new species in ballast water, prevent invasion of
zebra mussel, halt introduction of invasive aquatic plant IVol. ~, pg. 420);
Eliminate the dumping of organlsm-contaminated ballast water and ballast

:.~

sediment (Vol. I, pg. 464). Reduce/eliminate influx of non-native species in ~
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Determining the Biological, Physical and Chemical Characteristics of
Ballast Water Arriving in the San Francisco Bay/Delta Estuary

Ar~drew N. Cohen
Environmental Scientist

San Francisco Estt~aty Institute
1325 South 46th St.

Richmond CA 94804
phone: (510) 231-9423
fax: (510) 231-9414

email: acohen @sfci.org

c~
Wire Kinm~erer

Senior Research Scientist
Romberg Tiburon Center,

San Francisco State University

Steven M. Moore
Associate Engineer

CaliforniaRegional Water Quality Control Board
San Francisco Bay Region

c~
James J. Oral

Senior Speciafist
Project Leader, Neomysis/Zoopl~kton Study

California Department of Fish and Game

Mary McGann
Reseamh Geologist

U. S. Geological Survey

Marjefie Wertham
Ph.D. candidate, Department of Biolugy

University of Washington

T~ation:
501 ~c)(3) Nonprofit Research institute

Tax ID 4!94-2951373
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